Dyslipidemia, including low levels of high-density lipoprotein cholesterol (HDL-C), is a relatively wellestablished risk factor for cardiovascular disease. However, the independent association between changes in HDL-C and the subsequent risk of cardiovascular events has not been well studied. The retrospective cohort analysis was conducted to evaluate the association between changes in HDL-C and cardiovascular ( 
INTRODUCTION
Cardiovascular disease is the world's leading cause of death, responsible for taking the lives 17.3 million individuals in 2008, counting 30% of all global deaths [1] . In 2008, over one-third of all deaths in the United Kingdom were attributable to cardiovascular diseases (CVD) [2] , proportions very similar to those in the United States [3, 4] , where in 2009, disease of heart, cerebrovascular disease, essential hypertension and hypertensive renal disease were ranked as 1 st , 4 th and 13 th cause of death respectively [5] .
Several modifiable factors, among them lipids, contribute to the risk of cardiovascular disease [6] . Both US and European recommendations focus on low-density lipoprotein cholesterol (LDL-C) to lower cardiovascular risk [7, 8] . However, both elevated triglycerides [9, 10] , and low high-density lipoprotein cholesterol (HDL-C) [11, 12] have been identified as cardiovascular risk factors and have been shown to be associated with coronary events, even among patients treated with statins [13] [14] [15] .
It is well established that dyslipidemia is directly related to atherosclerosis and one of the major risk factors of cardiovascular morbidity and mortality [16] . Among them, low levels of high-density lipoprotein cholesterol (HDL-C) have been shown to be associated with increased risk of several different adverse events [11, 12, 17] . Specifically, HDL-C has been shown to be inversely associated with risk of CHD [11, 12, 17] , as well as with CHD death and congestive heart failure [17] cardiac [18] , cardiovascular [19] , and all-cause mortality [18, 19] .
Increased HDL-C has been shown to be associated with reduced cardiovascular risk among several different populations including community-based middle aged whites of European descent [11, 12, 17, 19] , community based blacks [12] , patients with optimal LDL-C levels [18, 20] and a history of coronary interventions [18, 20] . Low HDL-C has been demonstrated to be predictive of major cardiac events [21] , and one-year mortality [20] among CAD patients, as well as of cardiovascular (CV) events and total mortality in combination with elevated triglycerides [22] . Several observational studies have shown dyslipidemia, including low levels of HDL-C to be a relatively well-established risk factor for cardiovascular disease. Previous studies such as the lovastatin-treated arm of the AFCAPS/TexCAPS clinical trial and TNT trial also demonstrated a reduced risk of acute major coronary events associated with an increase in HDL-C [23, 24] .
However, while clinical trials [23] and observational studies [25] , have shown increases in HDL-C to be associated with reduced risk of acute cardiovascular events, the independent association between changes in HDL-C and risk of cardiovascular events has not yet been characterized among observational population samples.
With 22% of its population over the age of 60 [3] , a population at increased risk for cardiovascular disease, and one of the highest proportions in the world [3], further study of cardiovascular disease is of particular relevance to the United Kingdom. In this study, we evaluate the association between changes in HDL-C and CV and/ or cerebrovascular (CB) events among patients on statin treatment among a large, longitudinal, observation study in the UK.
METHODS

Database
The UK GPRD (General Practice Research Database) is a large computerized database that contains longitudinal representative clinical information on patient populations of general practices in the United Kingdom [26] .
The GPRD contains data (including patient demographic information, details on GP visits, diagnoses from specialists' referrals and hospital admissions, prescriptions by GPs, and results of laboratory tests) on over 3.5 million patients. Systematically recorded since 1987 by UK general practitioners (GPs), data are sent anonymously to the Medicines and Healthcare Products Regulatory Agency, which collects and organizes this information for use by researchers. The GPRD database has been validated for use in research on health services and is extensively used in outcomes research [27] .
Of this large database, over 200,000 patients were on at least one lipid-modifying therapy (LMT) between the years 1998-2005. Inclusion criteria captured all patients who were on lipid modifying therapy and further limited them to be adults with complete follow-up and minimum relevant data (for adjustment variables). Eligible patients among these included adults over age 35 receiving their first statin prescription between the beginning of 2000 and the end 2004, at least 6 weeks of statin monotherapy (no concomitant LMT) free of a CV/CB event, as well as a valid and continuous database history for >2 years before the index date, including laboratory data from 1 year before to ≥1 year after this date. These data included at least one complete lipid profile both before and after initiating statin therapy as well as a valid blood-pressure reading. A complete lipid profile panel consisted of measurements of total cholesterol (TC), LDL-C, HDL-C, and TGs recorded on the same day: either the index date or within 1 year before this date, as well as a follow-up profile from ≥42 days after the index date (to allow sufficient time for LMT to take effect [28] ). To assess the prospective association between change in HDL-C and incident events, subjects who may have experienced an event prior to the follow-up lipid measure were also excluded.
The entire follow-up period was up to 5 years. Only patient records derived from serology-linked practices (defined as practices from which available laboratory information was automatically coded and entered into the GPRD database) were eligible for analyses. Such practices were identified according to an algorithm based on the laboratory test data for potassium.
Baseline demographic information, including age and gender, were extracted from medical records. Clinical characteristics included body mass index (BMI), systolic blood pressure and the presence of hypertension (blood pressure > 140/90 mmHg); smoking status; history of comorbid conditions including diabetes mellitus diagnosis and treatment, ischemic heart disease, and prior CB events; and values for TC, LDL-C, HDL-C, and TG. Baseline serum TC, LDL-C, HDL-C, and TG levels were determined for each patient using the last available complete lipid profile before the index date. During the follow-up period, the serum lipids ((TC, LDL-C, HDL-C, and TG) taken at a time closest to and prior to the CV/ CB event) were considered as the follow-up measures for patients with an event. For patients without any event, the last lipid measurement during the follow-up period will be used.
Incident CV event was the primary outcome of interest. However, a composite outcome of either a CV or CB event, as well as an incident CB event was also assessed as a secondary endpoint of interest. CV events included MI, angina pectoris, and coronary revascularization; while CB events included ischemic stroke and transient ischemic attacks. To ensure correct coding of events, both FREAD and OXMIS codes were used to enter diagnostic information related to CV/CB events. The codes were run by certified practitioners and verified for accuracy (codes attached in the appendix).
Statistical Analyses
Analyses were limited to 17,923 patients meeting all inclusion criteria (Figure 1) aforementioned. All analyses were conducted using STATA ® software (StataCorp, College Station, TX).
Lipids were treated as continuous variables as well as categorized into quartiles for some analyses. Demographic and health characteristics of individuals categorized in different quartiles of change in HDL-C were compared. Kaplan-Meier survival estimates were plotted by quartiles of HDL-C and differences in survival across quartiles were tested by log-rank tests. Proportional hazards regression was used to estimate unadjusted and adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) associated with a 5 unit increase in HDL-C. Fully adjusted multivariate adjusted models included changes in lipids, baseline lipid variables, age, sex, medical history (binary variables accounting for prevalent cardiovascular disease, diabetes, hypertension), baseline blood pressure, use of antihypertensives, body mass index, smoking status, year of statin initiation, mean statin dose and medication possession ratio.
RESULTS
After an average follow-up time of 1.9 years, a total of 1,035 CV/CB (815 CV and 220 CB events) events were experienced among 17,923 patients who took statins over a total of 33,392 person-years.
Characteristics of the study population overall, and by eventual progression to a CV event are delineated in Table 1. Characteristics of participants by change in HDL-C are delineated in Table 2 . At baseline, persons who subsequently developed a cardiovascular event were more likely to be older, have lower lipid levels (HDL-C, LDL-C and triglycerides), lower BMI, lower systolic blood pressure, be on antihypertensive medications, be male, have prevalent cardiovascular disease, be former smokers, and have prevalent diabetes or hypertension at baseline ( Table 1) .
Baseline characteristics of study participants in the highest quartile of change in HDL-C levels (quartile 4) were similar to those of the rest of the sample though they did have lower baseline HDL-C levels and higher LDL-C and triglyceride levels, spent a longer duration of time on statins, were more likely to be female and less likely to have prevalent diabetes at baseline ( Table 2) .
Individuals experiencing the greatest increases in HDL-C (quartile 4) also experienced the lowest incidence rates of CV events with a rate of 16.9 per 1000 person-years, ( Table 3 ) and those experiencing the least amount of increase in HDL-C (quartile 1), the greatest rate of CV events at a rate of 22.1 per 1000 person-years. While there was a statistically significant linear trend (p = 0.008) demonstrating a progressive increase between all four quartiles, the larger difference in rate was observed between those experiencing changes in HDL-C above the 75 th percentile (quartile 4), from the rest of the sample (p < 0.001, Table 3 ). Similar trends were observed for the composite outcome of CV or CB events, but not for CB event alone. In looking at the four quartiles individually and when comparing the 4 th quartile to the rest of the sample, both linear trends across quartiles and significant differences between the highest quartile and the remaining were statistically significant for the composite (CV/ CB) outcoome (p = 0.002 and p < 0.001, respectively), but not for CB events alone (p = 0.301 and p = 0.451, espectively). r OPEN ACCESS Kaplan-Meier plots by quartile of change in HDL-C are shown in Figure 2 . Log-rank tests results demonstrate evidence that progressively higher quartiles of hange in HDL-C were associated with reduced risk of c Table 2 . Participant sample characteristics, overall and by change in HDL-C. the composite CV/CB events. In both unadjusted, moderately and fully adjusted analyses (Table 4) , changes in HDL-C were inversely associated with risk of both a subsequent CV event (p < 0.01) and CV/CB event (p < 0.02). In all models, there was consistently approximately a 5% decrease hazards of a CV event associated with each 5 mg/dL increase in HDL-C. The 6% reduced risk of a CV event (HR, 0.94; 95% CI, 0.90, 0.98%) was present even after fully adjusting for changes in other lipids, baseline levels of all lipids, as well as statin treatment and comorbidities. The composite event was likewise consistently inversely related to changes in HDL-C, though there was no statistically significant association between changes in HDL-C and CB events individually.
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DISCUSSION
The current study expands on previous findings which have demonstrated an inverse association between HDL-C and risk of cardiovascular morbidities and mortality [10, 11, 13, 14, [16] [17] [18] . While confirming clinical trial based findings [19, 23] , this retrospective observational study of UK primary care practices demonstrated increases in HDL-C to be associated with decreased risk of subsequent acute cardiovascular events among patients on statins.
Compared to other observational studies such as Grover et al. (2009) [29] , which investigated the effects of increased levels of HDL-C among the Framingham Offspring cohort (which mainly consists of young adults), this study population consists of higher risk patients, with more than half having prevalent hypertension, and nearly a third, diabetes. Grover et al. [29] found that a 5 mg/dL increase in HDL-C was associated with a 21% reduced hazard of a CV event. In the current study (of higher risk individuals) we observed individuals who attained a 5 mg/dL increase in HDL-C at follow-up to be associated with a 6% decreased hazard of experiencing a CV event. While we here demonstrated a lower reduction in risk gained among this high risk population (compared to the low risk populations previously reported), it is notable that observations demonstrate that even in this relatively high-risk population, patients can still reduce their risk of cardiovascular events by achieving increases in HDL-C. This study assessed multiple lipid parameters and included extensive data for potential confounders. Among the other strengths of the present study are the large sample size, representative nature of the database, and systematic collection of data within it. While our study sample is not representative of the UK population, it is representative of patients in general practices and has been well validated for use in research on health services and is extensively used in outcomes research [21] . In addition, because exclusion criteria were applied to this sample, there is potential that our observations may no longer be representative of all patients in UK general practice. It is however, reasonable to assume that our observations can be generalized to patients in general practices who are on LMT.
As any other observational study, observations here may be prone to residual confounding of unmeasured factors. Specifically of note is that findings were apparent in a population of individuals where everyone was on statins, so it may not be possible to determine whether the benefit gained by these patients were attributable to changes in HDL-C alone, or if some additional benefit was conferred from the statin therapy itself.
Nevertheless, results were consistent with previous findings documenting an inverse association between HDL-C and risk of acute CV events [19] . Findings were less consistent with the association between changes in HDL-C and risk of subsequent CB events. While changes in HDL-C were inversely related to risk of the composite outcome of a CV/CB event, the observed association may have been driven by the cardiovascular events which made up nearly 80% of the total number of events. The lack of an association found between HDL-C and CB events alone, while potentially due to the limited number of events and the lack of power to detect an association, is consistent with existing literature, which has been inconsistent in demonstrating a relationship between stroke and dyslipidemia [30] . In fact, the lack of an observed association with CB events, because it contrasts with the observed association between changes in HDL-C and CV events, strengthens the likelihood that this association may not simply be an artifact of the data.
Observations from fully adjusted Cox proportional hazards models demonstrate a 5% decrease in risk of a subsequent CV/CB event (6% for CV events only) for each 5 mg/dL increase in HDL-C. Among this population of patients receiving lipid-modifying therapy, this degree of increase in HDL-C is only experienced among approximately 25% of patients, while 50% of patients did not experience an increase in HDL-C at all (individuals in the bottom 2 quartiles of change in HDL-C experienced decreases in HDL-C or no change at all). These observations suggest that most patients who are already on lipid modifying therapy would benefit from further lipid-modifying treatment, specifically treatments which increase HDL-C levels.
We assessed the association between changes in HDL-C and CV and/or CB events among patients on statin treatment among a large, longitudinal, observation study in the UK. We observed, even in this relatively high-risk population, in which all patients were on statin therapy at the start of the study, individuals who were able to achieve a sufficient increase in HDL-C at follow-up were conferred a decrease in risk of cardiovascular events. A significant linear relationship between increase in HDL-C and reduction in CV/CB events can be quantified among high-risk population. Deeper investigation shows that the increase in HDL-C is beneficial for patients in decreasing CV events mainly and not so much for CB events (due to fewer CB events). The risk reduction of 5% in CV/CB events associated with 5 mg/dL increase in HDL-C observed in this research is modest compared to previous studies due to the risk profile of study sample (high risk in current research vs. general population in earlier studies). In addition to existing literature which has demonstrated low levels of HDL-C to be an established risk factor for cardiovascular disease, current findings imply that this may be a modifiable risk factor, independent of other potential confounders, even among high-risk populations. It implies a more aggressive treatment to raise HDL-C will benefit patients by reducing the risk of CV/CB events. Despite the large sample size and accounting of several potential confounders, further research among a more diverse population (both in demographics and concomitant medications) may be warranted to confirm these findings, further add to the breadth of evidence available on the impact of changes in HDL-C on CV and/or CB events, and further inform clinical practice.
